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Abstract 
When system parameters were adjusted, some instability phenomenon could occur in closed-loop DC-DC converter. 
For improving the stability of converter system, an analysis method of operation state for converter was presented 
based on the discrete model of continuous conduction mode(CCM) Boost converter with voltage feedback control. 
This method can avoid fussy derivative operation. The steady equation of CCM Boost converter was deduced and the 
system parameters condition on which closed-loop instability phenomenon would occur were analyzed, the condition 
is appropriate to high frequency Boost converter. Corresponding simulation results were given in this paper.  
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1. Introduction  
DC-DC converters are applied in many electric power supply systems for small size, low weight, high 
efficiency etc[1]. Voltage feedback control is adopted to stabilize the output voltage of converter operating 
with transformable work condition. But correlative research results show the introduction of closed-loop 
control in DC-DC converter may arouse instability operation state in converter system, namely bifurcation 
phenomenon[3-5]. Bifurcation phenomenon is disadvantageous for system stability and system performance. 
Literature [6] summarizes the chaos phenomenon in DC-DC converter and its distinguish methods. 
Literature [7] and [8] research the bifurcation phenomenon of Buck converter working on different 
condition. Literature [9] researches the bifurcation and chaos phenomenon of discontinuous conduction 
mode (DCM) Boost converter with voltage feedback control. 
For simple control structure, voltage control strategy is one of control method applied widely in DC-DC 
converter. In this paper, for guiding the choice of system parameters and operation condition, an analysis 
method of operation state for continuous conduction mode(CCM) Boost converter with voltage feedback 
control is presented. 
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2. The discrete model of CCM Boost converter with voltage feedback control 
Fig.1 is the schematic diagram of Boost converter with voltage feedback control. k is voltage feedback 
coefficient, Vref is reference voltage, the main function of voltage control is marked with broken line frame, 
S is power switch, D is diode, L is inductor, C is capacitance, R is load,  E is input voltage, iL is inductor 
current, vC is capacitance voltage. 
The critical inductor LC of Boost converter which is adopted to distinguish the operation mode(CCM or 
DCM) is: LC=Rd(1-d)2/2f [10], here, f is switching frequency, d is duty ration. When L>LC, the operation 
mode of converter is CCM, d is described in (1). 
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here Vm is the amplitude of saw-tooth wave. 
When Boost converter operates in CCM, it has two different work states during one switching period. S 
turns on and D turns off in state 1;  S turns off and D turns on in state 2. The two work states can be 
described in  (2). 
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Figure 1. The circuit topology of Buck converter  
Expression (2) can be transformed into (3) by adopting state transfer matrix. 
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The power-exponent function in (3) can be calculated adopting Cayley-Hamilton. 
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3. The analysis method of operation state for Boost converter with voltage feedback control 
The power-exponent functions calculated are substituting into (3) and the following conditions are 
satisfied in calculation process: 1)when converter operates in high frequency, the high-order terms of time 
in thaler expansion equation of the power-exponent functions are ignored ; 2) when converter operates in 
steady state, )()( n1n txtx   ; 3) state variable iLis substituted, the only variable in steady equation isvC
According to above-mentioned steps, the steady equation described in (8) can be deduced. 
0avavava 4C3
2
C2
3
C1    (8) 
The three equation coefficients corresponding to (5) ~ (7) are described in appendix. 
Analyzing the solution of equation, namely the steady work point of converter, the operation state of 
Boost converter with voltage feedback control can be ascertained. 
Expression (8) is a simple cubic equation, according to Cardan formula, the discriminant IRUthe 
solution of equation is shown in (9)[11]˖
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When 0!' , the solutions of (8) are one real root and two imaginary roots; when 0 '  and 0qp   , 
the solutions of (8) are three zero; when 0 '  and 03p2q 32 z )()( , the solutions of (8) are three 
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real roots, in which two real roots are the same; when 0' , the solutions of (8) are three different real 
roots. 
Expression (8) is the stead state voltage equation of Boost converter with voltage feedback control 
deduced according to the discrete model of converter, and the voltage value of actual converter can’t be 
imaginary number, so, when system parameters satisfy 0!' , the steady work point of Boost converter is 
only and the feedback system is steady. Otherwise, the steady work point of Boost converter isn’t only and 
the feedback system is unsteady. 
4. Simulation Results 
The simulation tests of Boost converter system are done in Matlab/Simulink. In simulation, the 
feedback coefficient k and input voltage E is respectively changed. The parameters of system are as 
follows: R=2:, C=50ȝF, L=50ȝH, f=100 kHz, LC=1.4815ȝH, Vref=5V. 
When the feedback coefficient k is changed and E=5V. Fig.2 shows the results of discriminant '  with 
different k. According to fig.2, the polarity of '  can change with the change of k. Fig.3 shows the output 
voltage of Boost converter with k=0.25, here, 0!'  and the steady value of system is only, the system is 
steady. Fig.4 shows the output voltage of converter with k=0.4, here, 0' , the system is unsteady. 
When input voltage E is changed and k=0.4. Fig.5 shows the results of discriminant '  with different E. 
According to Fig.5, when E=5V, 0' . Fig.6 shows the output voltage of Boost converter with E=4V, 
here, 0!' , the system is steady. Fig.7 shows the output voltage of converter with E=6V, here, 0' , the 
system is unsteady. 
 
Figure 2. The relation curve of feedback coefficient k and discriminant'  
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Figure 3. Output voltage curve of converter with k=0.25 
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Figure 4. Output voltage curve of converter with k=0.4 
 
Figure 5. The relation curve of energy voltage Eand discriminant'  
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Figure 6. Output voltage curve of converter with E=4 
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Figure 7. Output voltage curve of converter with E=6 
5. Conclusion 
In this paper, an analysis method is presented to judge the system parameters condition based on which 
Boost converter with voltage feedback control is unsteady. The method is deduced based on the discrete 
model of CCM Boost converter. Adopting this method, derivative operation can be avoided. In simulation 
tests, the feedback coefficient k and input voltage E is respectively changed. The method presented can 
also be applied to analyze other system parameters. 
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